Abstract. In this paper, we study the problem of d-dimensional rectilinear drawing of the complete d-uniform hypergraph K 
Introduction
Let K by V = {v 1 , v 2 , . . . , v 2d }. The points in V are said to be in concave position if there exists at least one point v i ∈ V (for some 1 ≤ i ≤ 2d) such that v i can be expressed as a convex combination of the points in V \ {v i }; otherwise, these points are said to be in convex position and such a drawing of [2] .
Note that the convex hull of the vertices of K d 2d in a d-dimensional convex drawing of it forms a d-dimensional convex polytope with its vertices in general position. A d-dimensional t-neighborly polytope is a d-dimensional convex polytope in which each subset of its vertex set having less than or equal to t vertices forms a face [4, Page 122] . Such a polytope is said to be neighborly if it is ⌊d/2⌋-neighborly. Note that any d-dimensional convex polytope can be at most ⌊d/2⌋-neighborly unless it is a d-simplex which is d-neighborly 
Note that the t ′ = 0 case in Result 3 corresponds to a neighborly polytope. As mentioned above, the number of crossing pairs of hyperedges in a d-dimensional
when such a polytope is cyclic.
Techniques Used
The Gale transformation is a useful technique to deal with the properties of high dimensional point sets [6] . Consider a sequence of m > d 
. .
there exists a set of d + 1 points in P that is affinely independent, the rank of The proofs of the first three lemmas are easy to see. The fourth lemma, a generalized version of which is given as an exercise in [4] , can be proved using Lemma 2 and the fact [6, Page 111] that any t element subset P ′ = {p i1 , p i2 , . . . , p it } ⊂ P forms a (t − 1)-dimensional face of the d-dimensional polytope formed by the convex hull of the points in P if and only if the convex hull of the points in D(P ) \ {g i1 , g i2 , . . . , g it } contains the origin.
We obtain the affine Gale diagram [6, Page 112] of P by considering a hyperplaneh that is not parallel to any vector in D(P ) and is not passing through the origin. For each 1 ≤ i ≤ m, we extend the vector g i ∈ D(P ) either in the direction of g i or in its opposite direction until it cutsh at the point g i . We color g i as white if the projection is in the direction of g i , and black otherwise. The sequence of m points D(P ) = < g 1 , g 2 , . . . , g m > in R m−d−2 along with the color of each point is defined as an affine Gale diagram of P . We define a separation of D(P ) to be a partition of D(P ) into two disjoint sets of points D + (P ) and D − (P ) contained in the opposite open half-spaces created by a hyperplane. We restate Lemma 2 using these definitions and notations. In the following, let us state the Carathéodory's theorem that is used in the proof of Result 1. Let us also state the following Lemma from [2] and the notion of k-sets that are used in the proofs of all three results. k-Sets: Consider a set S containing s points in general position in R 2 . A k-set in S is a subset of S of size k that can be separated from the rest of the points by a line that does not pass through any of the points in S [6, Page 265]. A subset T ⊆ S is called a (≤ k)-set if |T | ≤ k and T can be separated from S \ T by a line that does not pass through any of the points in S. The following lemmas give non-trivial lower bounds on the number k-sets and (≤ k)-sets in S.
Lemma 7.
[5] For k < s/2, the number of k-sets in S is at least 2k + 1.
Lemma 8.
[5] For k < s/2, the number of (≤ k)-sets in S is at least 3 k + 1 2 .
Proofs of Results 1, 2 and 3
Let us recall that V = {v 1 , v 2 , . . . , v 2d } denotes the set of points corresponding to the vertices in a d-dimensional rectilinear drawing of K d 2d . Let E denote the set of (d − 1)-simplices created by the corresponding hyperedges.
Proof of Result 1:
Since the points in V are in concave position in R d , we assume without loss of generality that v d+2 can be expressed as a convex combination of the points in V \{v d+2 }. The Carathéodory's Theorem guarantees that v d+2 can be expressed as a convex combination of d+ 1 points in V \ {v d+2 }. Without loss of generality, we assume these d + 1 points to be {v 1 , v 2 , . . . , v d+1 }. 
simplices formed by the hyperedges in E. Therefore, the total number of crossing pairs of hyperedges in such a d-dimensional rectilinear drawing of
Proof of Result 2:
Since the points in V form the vertex set of a ddimensional t-neighborly polytope which is not (t + 1)-neighborly, it is easy to observe that there exists a t-neighborly (but not (t+1)-neighborly) sub- can be extended to obtain at least
pairs of (d − 1)-simplices formed by the hyperedges in E. Therefore, the total number of crossing pairs of hyperedges in such a d-dimensional rectilinear draw- is at least
